In the marine realm, it is important to understand the connectivity and population dynamics of commercially exploited species; this information promotes sustainable fishing practices. The large slipper lobster, Scyllarides latus (Latreille, 1803), is a commercially valuable crustacean that has been over-exploited in many areas throughout its distribution range in the northeastern (hereafter NE) Atlantic and the Mediterranean. Here, we report the first molecular population genetic study of S. latus based on 9 nuclear microsatellite loci. A total of 128 specimens of S. latus were collected in the Western Mediterranean (2 locations) and four regions (13 locations) in the NE Atlantic, including Southern Portugal and the Macaronesian archipelagos of Azores, Canary Islands and Cape Verde. Maximum number of alleles per locus ranged from 4 to 14, and observed heterozygosity per locus ranged from 0.143 to 0.795 (0.539 ± 0.087, mean ± SE). Pairwise region estimates of F ST , R ST and D est were very low (<0.040) and not significant in all comparisons. Bayesian clustering analysis also suggested homogeneity in S. latus across all regions. The Almeria-Oran front, an important biogeographic boundary between the Atlantic and Mediterranean basins, was not found to have a significant impact on the genetic structuring of S. latus. Overall, all of our analyses of genetic differentiation and migration suggested panmixia in S. latus across its distributional range. Such pattern is likely to result from its high fecundity and long-lived pelagic larva, which can promote high levels of connectivity between geographically distant populations. Future conservation strategies should manage all S. latus populations jointly (one stock).
INTRODUCTION
Human-intensified fishing efforts are known to negatively impact marine ecosystems, which can lead to the depletion of populations and complete disruption of important trophic levels (Branch et al., 2010) . Thus, it becomes vital to fully understand the population structure and dynamics of commercially important marine species throughout their distribution ranges. In the last decades, the use of molecular and genetic markers allowed researchers to address the geographic structure of species in terms of the distributions and migrations of individuals within and among local populations, i.e., gene flow (Slatkin, 1987) . This important information can then be used for stock assessment, fishery management, and spatial design of marine protected areas (Palumbi, 2003) . In the marine realm, the connectivity and structuring of populations is a function of biological (life history traits, larval behaviour), ecological (food availability, species interactions), and physical (past and present oceanographic, and climatic features) processes (see Grantham et al., 2003) . The interplay of these factors, acting across a range of spatial and temporal scales, has significant implications in determining the amount of gene flow and connec- * Corresponding author; e-mail: jfaria@uac.pt tivity between usually patchily distributed marine populations (Palumbi, 1994 and references therein) . Additionally, transition zones between seas or oceans are known to impact the phylogeography structure of many species (Avise, 2009) . For years, these transition zones have been the focus of many studies, in an attempt to understand the evolutionary, physical and/or selective forces that shape the structure of populations and the amount of gene flow between them (Galarza et al., 2009 ). In the NE Atlantic, the transition between the Atlantic and the Mediterranean basins has had a profound effect in the phylogeographic structure of many species living in this area, acting as a barrier to gene flow and preventing population admixture between marine regions. Genetic differentiation across the Atlantic-Mediterranean region has been demonstrated for many marine animals, including fishes (Schunter et al., 2011) , molluscs (Pérez-Losada et al., 2002 and crustaceans (Palero et al., 2011) . This genetic discontinuity has been mostly associated with contemporary factors such as the Almeria-Oran front (AOF) (Patarnello et al., 2007) , which creates an Atlantic domain within the Mediterranean and partially isolates the Alboran Sea from the other Mediterranean basins (Tintore et al., 1988 ). Yet, past vicariant events produced by climatic fluctuations in the sea level and surface temperatures during the Pleistocene glaciations (Messinian Salinity Crisis) have also been invoked. Other studies, however, have challenged the impact of the Atlantic-Mediterranean transition zone (Zardoya et al., 2004; Charrier et al., 2006) . Those have revealed that species with similar ecological behaviour and life history traits can differ in their levels of genetic divergence between the two basins. Similarly, other studies have indicated that, although the AOF can be an effective barrier to gene flow for many marine taxa, some species show limited or no population structure associated to this current (Stamatis et al., 2004; Domingues et al., 2007) . Such distinct patterns of gene flow and connectivity highlight the complex interactions between historical and contemporary processes at shaping the structure of marine populations throughout their geographic distributions.
The slipper lobster, Scyllarides latus (Latreille, 1803), is a large decapod crustacean inhabiting the warm-temperate Lusitanian province within the NE Atlantic (Southern Iberia, NW Africa, and the Macaronesian archipelagos) and the Mediterranean Sea (Spanier and Lavalli, 1998) . Individuals are found on hard substrata at depths ranging from 2 to 50 m and occasionally deeper (Pessani and Mura, 2007) . They move seasonally to deeper waters and return to shallow reefs around early spring to mid-summer for reproduction. Differences in the time of emergence can vary between distinct regions and are usually associated with optimal water temperatures for egg and larval development (Spanier and Lavalli, 2007a) . Females carry the fertilized eggs before they hatch into the water column as free-living naupliosoma larvae. The larva becomes a stage-I phyllosoma and initiates a long-lived planktonic phase, which reaches the postlarval stage after several months and many molts (Bianchini and Ragonese, 2003) . In fact, phyllosoma larvae are assumed to spend up to 9-11 months in the open sea before settling (Booth et al., 2005) .
The slipper lobster S. latus has a high commercial value, e.g., up to approx. 50 USD/kg in Azores, personal observations, and has been over-exploited in many areas throughout its entire distribution range, especially along the coasts of southern Europe (Spanier and Lavalli, 2007b) and the Macaronesian archipelagos (Santos et al., 1995) . Assessment of stocks of this species in areas where commercial fishing exists is very limited or inexistent (Spanier and Lavalli, 2007b ). Yet, fishermen and researchers have noticed that S. latus is diminishing and/or disappearing in some localities. Monitoring of local catches and multi-species evaluations in coastal areas also suggest low numbers of this lobster due to intensified fishing pressure (González, 2008) . In fact, in many areas, S. latus is considered almost absent and its size has decreased due to overfishing of large specimens (Martins, 1985) . In the Azores and Italy, for example, stocks are so depleted that may not be able to recover (Bianchini and Ragonese, 2007) . Similarly, in the Canary Islands (Spain), a one-decade monitoring program showed that stocks of S. latus have been decimated yearly (González, 2008) , while it is considered rare along the Spanish continental coastline (Templado et al., 2004) . Consequently, S. latus is currently listed in the Annex V of the European Union Habitats Directive (92/43/CEE) as a species with community interest, whose exploitation should be subject to management measures. It is also a marine species protected under the Annex III of the Bern Convention and the Annex III of the Barcelona Convention, and is considered endangered in the Red Book of Invertebrates of Andalucía, Spain (Menéndez et al., 2008) .
Nonetheless, S. latus is classified as 'Data Deficient' in the IUCN Red List for conservation due to insufficient data to perform an overall assessment of its population status (Butler et al., 2011) . Furthermore, studies concerning S. latus have focused mostly on aspects of its biology and ecology, e.g., development, reproduction, behaviour (Spanier and Lavalli, 1998) ; only one preliminary study has attempted to explore the genetic diversity and structure of S. latus in the NE Atlantic (Froufe et al., 2011) . This study revealed high levels of genetic diversity in cytochrome c oxidase I (COI) barcodes, but found no evidence of genetic differentiation across sampled populations. Here, we expand this initial study by increasing the sampling size and developing new microsatellite nuclear markers. Our goal is to assess the microsatellite genetic diversity and population structure of S. latus across the Macaronesian archipelagos and the Atlantic-Mediterranean transition zone. Considering previous genetic studies and the high dispersal ability of S. latus, we hypothesize high connectivity and low levels of genetic differentiation among its populations.
MATERIALS AND METHODS

Sample Collection and DNA Extraction
Appendages from the thoracic region (pereiopods) of S. latus were collected at 13 different locations from the NE Atlantic, including southern Portugal and the Macaronesian archipelagos of Azores, Cape Verde, and Canary Islands, and at 2 locations from the western Mediterranean Sea ( Fig. 1 ; Table 1 ). Sampling was performed by SCUBA during spring to midsummer. Specimens were very difficult to find in most locations due to their scarcity and nocturnal behaviour, so despite intense effort, only 1-26 individuals were captured per location. Tissue samples were preserved in 96% ethanol. Total genomic DNA was extracted following standard saltingout protocols.
Microsatellite Isolation and PCR Multiplex Design DNA yield was quantified using a Qubit ® Fluorometer (Invitrogen™) following manufacturer's protocol. A DNA mix (>10 μg ml −1 ) of 3 individuals from three distinct locations was sent to Ecogenics (Zürich, Switzerland) for developing microsatellite-enriched libraries. Size selected fragments from genomic DNA were enriched for SSR (single sequence repeats) content by using magnetic streptavidin beads and biotin-labelled CT, GT, GTAT and GATA repeat oligonucleotides. The SSR enriched library was analyzed on a Roche 454 platform using the GS FLX titanium reagents. A total of 4.521 sequence reads of an average length of 184 bp were obtained. Of these, 281 contained microsatellite inserts with a tetraor a trinucleotide of 6 repeat units or a dinucleotide of 10 repeat units. Twenty-three microsatellite regions were selected and tested for polymorphism. Only perfect motifs with simple repeats were chosen (di-, tri-and tetra-nucleotides tandem repeats) and amplicon sizes varied from 81-265 bp. Initial PCR reactions were performed in simplex to validate selected loci and determine optimal annealing temperatures. For each primer pair, a gradient of annealing temperatures was carried out in a final volume of 10 μl with approximately 15 ng DNA template, 1 × Qiagen™ Multiplex Kit, 0.4 μM of each primer and ddH 2 O. PCR cycles were performed in a DNA Engine Dyad Thermal Cycler (Bio-Rad Laboratories) and consist of a denaturing step of 15 min at 95°C followed by 35 cycles of 95°C for 30 s, annealing at 50-64°C for 60 s, and 72°C for 30 s, and a final elongation step of 10 min at 72°C. PCR amplification products were checked on 2% agarose 1 × TBE gels and optimal annealing temperatures Table 1 for region codes).
were selected for each primer pair. Of the 23 microsatellites tested, 13 pairs had to be discarded either because they showed tri-allelic patterns (6 pairs), artefact bands interfering with allele calling (4), and/or were monomorphic (3) for all samples screened. Ten primer pairs resulted polymorphic and generated specific products of the expected molecular size. Before multiplexing and to ensure that primers were compatible, the forward and reverse sequences were analysed in AUTODIMER (Vallone and Butler, 2004) and screened for potential primer-dimer and hairpin structures. MULTIPLEX MANAGER v.1.0 (Holleley and Geerts, 2009) was used to combine all markers into the most efficient number of PCR reactions, with each locus assigned to a given fluorescent dye: NED, VIC, PET, or 6-FAM (Applied Biosystems). A total of three multiplexes were designed and PCR touchdown protocols were applied in all multiplex reactions as indicated above, except for primer concentration (see Table S1 in the Appendix in the online edition of this journal, which can be accessed via http://booksandjournals.brillonline.com/content/1937240x).
Microsatellite Loci Amplification and Scoring
All individuals of S. latus were genotyped using 10 microsatellite nuclear markers (Table 2) . Markers were amplified in three multiplex PCR reactions containing 2-4 loci using the Qiagen™ PCR multiplexing kit according to the manufacturer's recommendations. Amplification took place on a MyCycler™ thermal cycler (BioRad) using a touchdown with the conditions displayed in Table S1 in the Appendix in the online edition of this journal, which can be accessed via http://booksandjournals.brillonline. com/content/1937240x. Approximately 20% of the samples were re-run to ensure repeatability in scoring. Amplified fragments were visualized using an ABI 3730 (Applied Biosystems) automated DNA sequencer with an internal size standard (GeneScan™ 500Liz ® , Applied Biosystems) for accurate sizing. Genotypes were scored using GENEMAPPER™ v.4.2 (Applied Biosystems). A total of 128 samples were genotyped. To reduce random sampling error (noise) due to the low number of specimens collected in most of the locations and to maximize the value of genetic information (signal), individuals from all 15 locations were pooled within their respective geographical areas. Hence, the following five regions of analysis were defined: Western Mediterranean (MED), Southern Portugal (ATL; Atlantic), Azores (AZO), Canary Islands (CAN) and Cape Verde (CPV) ( Fig. 1 ; Table 1 ). Considering the high dispersal ability of S. latus, the geographical proximity of the locations grouped, lack of known geographic barriers in those five regions, and previous mtDNA results showing no genetic differences among nearby population of S. latus (Froufe et al., 2011) , we find our sampling strategy justifiable. Nonetheless, because grouping samples that actually belong to different stocks may have a strong impact on genetic analyses, we carried out preliminary analyses using all locations; those analyses showed no significant differences among samples and results were qualitatively similar to those obtained using regions (data not shown). Allele frequencies and polymorphism and observed (H O ) and expected heterozygosity (H E ) were estimated in GENALEX v.6.4.1 (Peakall and Smouse, 2006) ; while inbreeding coefficients F IS were estimated in GENETIX v.4.05 (Belkhir et al., 1996 (Belkhir et al., -2004 . Allelic richness [Ar(g)] and private allele richness [Ap(g)] were estimated using the rarefaction method implemented in ADZE v.1.0 (Szpiech et al., 2008) . This approach accounts for uneven sample sizes with g representing the minimum number of genes observed at one locus in one of the samples. Linkage disequilibrium and deviations from the Hardy-Weinberg equilibrium (HWE) were tested using exact tests with significance estimated by a Markov chain method after 10 000 randomizations (GENEPOP v.4.1; Raymond and Rousset, 1995) . Adjustment for multiple comparisons was done using the sequential Bonferroni method (Rice, 1989) . Loci suspected of having null alleles and scoring errors caused by stuttering and large allele dropout were identified using MICRO-CHECKER, v.2.2.3 (Van Oosterhout et al., 2004) . The impact of null alleles on F ST estimation was assessed by comparing F ST estimates before and after correction for null alleles using the ENA method implemented in FREENA (Chapuis and Estoup, 2007) . Null alleles were found to have a minimal impact on F ST estimates, hence all subsequent analyses were conducted on data uncorrected for null alleles. Recent bottleneck events in the regions were explored using the method of Luikart et al. (1998) , as implemented in BOTTLENECK v.1.2.02 (Piry et al., 1999) . BOTTLENECK was run under three models: the infinite allele model (IAM), the stepwise mutation (SMM) and the two-phase mutation model (TPM), which incorporates elements of the SMM and the IAM. This last model is considered to provide the best fit for most microsatellite loci (Di Rienzo et al., 1994) , and was run with the proportion of SMM set at 70% and a default variance of 30 among multiple steps. The significance of the tests was assessed using Wilcoxon sign-rank test with 10 000 iterations. An excess of heterozygotes would indicate that the population has experienced a recent bottleneck (Luikart et al., 1998) . Rates of recent migration (m) among regions, as well as its direction, were estimated using the Bayesian multilocus genotyping procedure implemented in BAYESASS v.3.0. (Wilson and Rannala, 2003) .
Genetic Differentiation and Population Structure
Exact tests for population differentiation based on Markov chain algorithms were performed in GENEPOP v.4.1. To display the relationship between individuals and samples based on the best linear combination of allele frequencies, a three-dimensional factorial correspondence analysis (FCA) was performed in GENETIX v.4.05. Genetic differentiation and population structure was evaluated by computing the Jost's actual measure of differentiation D est (Jost, 2008) in SMOGD v.1.2.5 (Crawford, 2010) . P -values and 95% confidence limits for global single-and multilocus D est estimates were obtained by bootstrap analysis using the R package DEMETICS v.0.8.4 (Gerlach et al., 2010) . Additionally, pairwise F ST and R ST estimates among sampled regions were calculated using FSTAT v.2.9.3 (Goudet, 1995) and RSTCALC v.2.2 (Goodman, 1997), respectively; significance was assessed with 1.000 permutations. Population structure was also analysed using the Bayesian model-based clustering approach implemented in STRUCTURE v.2.3.3 (Pritchard et al., 2000) . This individual-based analysis uses a maximum likelihood approach to determine the most likely number of genetically distinct groups in a sample (K). Individuals were assigned to a given cluster with and without using any prior information about their origin. Correlated allele frequencies and an admixture model (individuals may have mixed ancestry) were assumed as suggested by Falush et al. (2003) for closely related populations. Ten independent runs were made for K = 1-5 with each run consisting of a burn-in of 10 5 Markov-chain Monte Carlo steps, followed by 5 × 10 5 steps. Selection of the most likely number of genetic clusters (K) was based on the posterior probability of the data for a given K (Pritchard et al., 2000) . The partition of the genetic diversity within and between the Mediterranean and Atlantic basins was investigated by hierarchical analyses of molecular variance (AMOVA), as implemented in ARLEQUIN v.3.5.1.3 (Excoffier and Lischer, 2010) . Genetic variation within regions (F ST ), among regions within basins (Atlantic vs. Mediterranean; F SC ) and among basins (F CT ) was assessed and significance of Fstatistics was tested using 10 000 permutations. For comparative reasons, we also analyzed the COI sequence data in Froufe et al. (2011) using the same hierarchical AMOVA and pairwise ST statistics.
RESULTS
Analysis of Genetic Variation
A total of 128 specimens were analyzed (see Table S2 in the Appendix in the online edition of this journal, which can be accessed via http://booksandjournals.brillonline.com/ content/1937240x). All individuals were amplified and genotyped, except 50% of the specimens from CPV, which failed to amplify for locus Lat14 (see Table S3A in the Appendix in the online edition of this journal, which can be accessed via http://booksandjournals.brillonline.com/content/ 1937240x). Significant linkage disequilibrium was found for one microsatellite pairwise comparison test (Lat21 and
Genetic diversity estimates were relatively low and very similar for each region, with mean expected heterozigosities ranging from 0.457 in CPV to 0.596 in ATL (Table 3). The average observed heterozygosity per locus and region was 0.539. Allelic richness was similar for all regions with a maximum of 4.0 alleles for region ATL, and a minimum of 2.9 alleles for region CPV. For all microsatellites and regions, levels of polymorphism ranged from 4 to 14 alleles. Six out of 48 exact tests remained significant for heterozigosity deficit after Bonferroni adjustment, which indicates departure from the Hardy- Table 3 . Genetic variation observed at nine microsatellite loci within five regions sampled for Scyllarides latus (see Table 1 for region codes). N = number of samples; H O = observed heterozygosity; H E = unbiased expected heterozygosity; F IS = inbreeding coefficient; N a = number of alleles; Ar(10) = allelic richness (10 accounts for the maximum standardized sample size, i.e., twice the number of genotypes); Ap(10) = private allelic richness. Significant departure from Hardy-Weinberg equilibrium after sequential Bonferroni correction is shown in bold. Weinberg equilibrium (HWE) (see Table S4 in the Appendix in the online edition of this journal, which can be accessed via http://booksandjournals.brillonline.com/content/ 1937240x). Overall, regions CAN and AZO showed a slight and significant heterozigosity deficit (Table 3) . Such heterozygote deficiencies within populations could be the result of several nonexclusive factors, such as the presence of null alleles, inbreeding, and Wahlund effect. Only loci Lat5 (MED and AZO regions) and Lat7 (AZO) deviated from the HWE and were characterized by a positive F IS value (Table 3 ). The presence of null alleles, as determined by MICRO-CHECKER, was confirmed for those two loci and also for Lat10, Lat14 and Lat21, which would explain the significant overall F IS estimates found in CAN and AZO (see Tables S3B and S4 in the Appendix in the online edition of this journal, which can be accessed via http:// booksandjournals.brillonline.com/content/1937240x). Since removing these loci from the analyses did not qualitatively change results of population comparisons (data not shown), all 9 loci were included in further analyses. Additionally, correction for null alleles using the ENA method showed no differences in F ST estimates (Table 4) . Bottleneck detection using Wilcoxon signed-rank tests under all three models (IAM, SMM and TPM) revealed no evidence of recent bottleneck events, and all tests were not significant for heterozigosity excess (see online supplementary Table S5 ). Moreover, the mode-shift indicator test revealed a L-shaped pattern of allele frequencies, supporting the absence of a recent bottleneck in S. latus. Mean migration rates (m) could not be estimated for ATL due to its small sample size. For all other regions m ranged between 0.212 and 0.313 (see online supplementary Table S6 ), suggesting high gene flow among those regions.
Genetic Differentiation and Population Structure
No evidence of genetic differentiation between regions was found using the exact tests implemented in GENEPOP (see Table S7 in the Appendix in the online edition of this Table 1 for region codes).
journal, which can be accessed via http://booksandjournals. brillonline.com/content/1937240x). Similarly, the FCA analysis confirmed the absence of differentiation in S. latus. Individuals belonging to each region could not be distinguished and separated in the FCA (Fig. 2) . Only a single cloud of points was visualized, with overlapping occurring among all sampled regions. Pairwise F ST and R ST values were also very low and did not significantly differ in any of the comparisons (Table 5) . A similar trend was detected for D est with values very close to zero, suggesting lack of genetic structuring (Table 6 ). Finally, STRUCTURE also showed population homogeneity in S. latus. Without any prior information about their origin, the estimated membership of individuals to any given cluster (q) was roughly symmetric (approx. 1/K in each population), indicating that individuals are widely admixed and belong to a single panmictic population (Fig. S1 in the Appendix in the online edition of this journal, which can be accessed via http:// booksandjournals.brillonline.com/content/1937240x). Of all runs, K = 1 had the highest average value for ln P (X|K). All subsequent K values showed a decreased in ln P (X|K) and larger variance between the independent runs (Fig. 3) . Admixture was also shown when using prior information about the origin of individuals (data not shown). Since no structure was detected among regions, the AMOVA analysis did not revealed significant differences between the Atlantic and Mediterranean basins, with most of the variation (ap- Table 5 . Pairwise estimates of F ST (above diagonal) and R ST (below diagonal) between all regions sampled for Scyllarides latus (see Table 1 for region codes). * Significant deviation at P < 0.05. None of the estimates remained significant after sequential Bonferroni correction (P < 0.005). prox. 99%; P < 0.015) caused by genetic differences within regions (Table 7 ). The analyses of the COI sequence data in Froufe et al. (2011) showed that pairwise ST estimates between Atlantic, Azores and Cape Verde regions ranged from 0 to 0.175 and were not significant after Bonferroni correction (data not shown). The AMOVA analysis revealed that most of the variation (92.7%) was also within regions (data not shown).
MED
DISCUSSION
The current study is the first attempt to use microsatellite markers to explore the genetic diversity and population structure of the endangered large slipper lobster S. latus in its area of occurrence. Genetic diversity for nine microsatellite loci in S. latus was relatively low (H E = 0.457-0.596) when compared to microsatellite variation estimated in other exploited crustaceans from the same area (H E = 0.769-0.835) (Pascoal et al., 2009; Palero et al., 2011) . Although multiple factors (changes in migration rates, selective pressures, geographic isolation, and founder effects), can affect the genetic diversity of a species (Allendor and Luikart, 2007) , monitoring of local catches of S. latus indicates that a reduction in census size due to loss of habitat and/or, most likely, overfishing might have caused a reduction in the genetic diversity of the species. Estimates of current and historical genetic diversity in mtDNA data for the same species also suggest a recent population decline (Froufe et al., 2011) . However, our bottleneck analyses, did not show evidence of a reduction in population size; specific life-history traits such as the long generation time in S. latus could act as an intrinsic buffer against a rapid loss of genetic diversity (Dinerstein and McCracken, 1990) . Similarly, fishery-induced bias over large females lobsters could mask the rapid loss of genetic diversity caused by a recent bottleneck (Palero et al., 2011) . Although a conclusive population census for the slipper lobster S. latus is yet to be performed, a reduction in genetic diversity compared to other crustaceans may be still an indication of overexploitation (Hauser et al., 2002) .
Despite the large size of the studied geographical area, e.g., MED samples (SE Spain) are 3,300 km away from the Cape Verde archipelago (CPV), and the presence of known oceanographic breaks, i.e., AOF, no evidence of population structuring was detected in S. latus using nuclear microsatellites. All estimates of population differentiation were very low and not statistically significant, while migration rates between regions were high. In addition, the analyses of mtDNA COI data in Froufe et al. (2011) also indicated lack of genetic differentiation in S. latus, although see Karl et al. (2012) for concerns about comparing mtDNA and nuclear data. All this evidence, hence, suggests panmixia, i.e., random mating, in S. latus throughout the NE Atlantic and Western Mediterranean. Panmixia has been previously reported for other crustacean species in the same (Stamatis et al., 2004; Sotelo et al., 2009) or different areas (García-Rodriguez and Pérez-Enriquez, 2006) . Furthermore, lack of genetic differentiation between populations of S. latus from the Atlantic and Mediterranean basins adds up to the list of contrasting species-specific studies focused on this transition zone (see review in Patarnello et al., 2007) . While some studies reported genetic differences and limited gene flow for some Table 6 . Pairwise estimates of Jost's D est (above diagonal) and 95% CI (below diagonal) between all regions sampled for Scyllarides latus (see Table 1 for region codes). * Significant deviation at P < 0.05. None of the estimates remained significant after sequential Bonferroni correction (P < 0.005). taxa (Fruciano et al., 2011) , others have found no differentiation at all (Zardoya et al., 2004) . Our study shows that, as in other decapod crustaceans (García-Merchán et al., 2012) , the AOF does not seem to restrict gene flow between Atlantic and Mediterranean populations of S. latus. This could be related to the winter relaxation of the AOF (Tintore et al., 1988) , which coincides with the season of main planktonic larval development of S. latus (Spanier and Lavalli, 1998) . As indicated by Barber et al. (2000) , seasonal changes in current patterns and the relationship between ocean circulation processes and spawning characteristics can play an important role in shaping population structure around oceanographic fronts. For instance, the European spiny lobster, Palinurus elephas (Fabricius, 1787) , which has a similar pelagic larval duration (PLD) and reproductive strategy as S. latus, showed no genetic differences between Southern Portugal and Western Mediterranean samples (both sides of the AOF), while genetic differences were detected between Western and Eastern Mediterranean samples (separated by the Strait of Sicily) (see Palero et al., 2008 Palero et al., , 2011 . Particular historical processes, e.g., glacial events, and demographic fluctuations seem to have played a role in P. elephas differentiation (Palero et al., 2008 (Palero et al., , 2011 , while in S. latus and other crustaceans (García-Merchán et al., 2012) , those processes do not seem to have had a noticeable impact. The main result of this study, i.e., panmixia in S. latus, could be potentially the outcome of sampling error or biological factors. Random sampling error due to low sample sizes (intralocus sampling error) could lead to a false impression of population homogeneity (type II error) (Waples, 1998) . However, nine independent nuclear markers (lower interlocus sampling error), multiple analyses, and previous studies (Froufe et al., 2011) seem to support our null hypothesis. Alternatively, population homogeneity in S. latus across its distributional range could be explained based on life-history traits that increase the dispersal ability of the species. Panmixia has been generally attributed to species with high fecundities (large offspring; the ability to spawn many times in a lifetime and produce many eggs) and/or extended PLD (see Palumbi, 2004; Levin, 2006) . Adult females of S. latus are known to spawn up to approx. 350 000 eggs (Sekiguchi et al., 2007) , and larvae can live in the water column for >9 months (Booth et al., 2005) . Such biological traits can create opportunities for the widespread dispersal of new individuals (Sekiguchi et al., 2007) . Also, larval behaviour in this species, such as vertical movement ability, is likely to facilitate dispersal by taking advantage of favourable oceanographic currents (Dos Santos et al., 2008; Butler IV et al., 2011) . By occupying the water column in its vertical dimension, with distinct larval stages associated with preferable physical conditions, S. latus can increase substantially its dispersal success. Unfortunately, data on the larval behaviour of this slipper lobster are very limited, and little is known about the association between water dynamics and gene flow. In addition, dispersal can be enhanced by the close association of the scyllarid phyllosoma with other highly dispersive marine organisms such as medusae (Booth et al., 2005) . On the other hand, active adult migration is unlikely to contribute to genetic mixing and dispersal. For example, Bianchini et al. (2001) recaptured one adult individual of S. latus that has been at the sea for more than 4 years only about 5 km away from the original location. Therefore, we can conclude that, given the high fecundity and dispersal ability of S. latus, it is reasonable to also expect high levels of connectivity between geographically distant populations, i.e., panmixia. Table S4 . Hardy-Weinberg equilibrium tests for each locus (Lat No.) and region in Scyllarides latus. Significant deviations after Bonferroni correction are indicated in bold (see Table 1 for region codes). Table S5 . Analysis of recent genetic bottlenecks in Scyllarides latus from five regions using an infinite alleles model (IAM), the two-phase model (TPM) and the stepwise mutation model (SMM). None of the Pvalues were significant after sequential Bonferroni correction (see Table 1 for region codes). Table S6 . Migration rates (95% confidence intervals) derived from BAYESASS for Scyllarides latus across all sampling regions (see Table 1 for region codes).
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Migration rates into population Table 1 for region codes). The programs CLUMPP v.1.1.2 (Jakobsson and Rosenberg, 2007) and DISTRUCT v.1.1 (Rosenberg, 2004) were used to graphically display individual's membership coefficients for each cluster.
